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Generalized anxiety disorder (GAD) is a chronic condition characterized by excessive and uncontrollable worry, with episodes usually persisting for a decade or more.
1 It is relatively common, with a lifetime prevalence reaching 5.7%.2 In addition, an estimated 6.6% of the population sLiffers milder ~ariations; these subthreshold or milder forms of GAD are more prevalent than their clinical counterparts and are associated with higher rates of psychological distress.3 Symptoms of GAD can interfere with the daily lives of patients and often require prolonged treatment. 4 In 2 national surveys, GAD was ranked among the 10 most impairing chronic conditions in terms of sickness, absence from work, and inability to fulfill other roles, with levels of impairment comparable to those associated with arthritis, diabetes, and ulcers. 5, 6 Finding effective treatments for GAD, therefore, is an important public health imperative.
The drug classes found to be effective in treating GAD include selective serotonin reuptake inhibitors (SSRIs), serotonin-norepinephrine reuptake inhibitors (SNRIs), benzodiazepines, the serotonin 5-HT1A partial agonist buspirone, and tricyclic antidepressants (TCAs).7-1O Current treatments, while helpful, have limitations in terms of safety, tolerability, and efficacy. For example, the sideeffect profiles of SSRIs and SNRIs include sexual and gastrointestinal side effects, weight gain, and insomnia, any of which can potentially interfere with patient compliance. Because of these limitations, there is a need for more effective and better tolerated treatments for anxiety.
Cranial electrotherapy stimulation (CES) is a noninvasive procedure that involves applying a pulsed, lo,wamplitude electrical current to the head using electrodes placed on the earlobes. Several studies in the 1990s looked at the effects of CES on affective disorders and anxiety in alcoholic or drug-addicted patients. Krupitsky et al. 23 conducted a double-blind sham-controlled experiment on 20 recovering alcoholics with depression and anxiety. This was one of the few studies of long-term CES therapy, during which patients received twenty 30-minute treatments over the course of 29 days. Cranial electrotherapy stimulation subjects had decreased anxiety and depression after 10 treatments and continued to improve after 20 procedures. 23 Philip and colleagues24 looked at the effects of CES on anxiety and insomnia in 21 patients undergoing a washout period during an antidepressant triaL. They found that anxiety and insomnia improved among patients receiving active treatment, while the placebo group had increased anxiety and decreased sleep duration.
Another small
double-blind study found that CES significantly reduced anxiety and depression in patients with head injuries following 3 weeks of 45-minute treatments. Patients served as their own control, although a crossover design was not employed. 25 To our knowledge, Klawansky and coworkers26 performed the only meta-analysis of CES, in which they reviewed randomized controlled trials of CES for anxiety, "brain dysfunction," headache, and insomnia. A total of 8 trials on anxiety were combined and analyzed using effect sizes to compare outcome measures. Overall, CES was significantly more effective than sham treatment (effect size = 0.62). The placebo effect may have been a factor since many patients (30%) who received sham therapy also improved. 26 Although many studies on CES have been published in the last 30 years, most have used relatively small samples in which only a dozen or so patients received the active treatment. In addition, the frequency and duration of CES treatment have not been established for different conditions. While short-term CES (e.g., 1-5 treatments of 23-30 minutes each) may help with acute anxiety, some researchers argue that chronic conditions may require longer periods of treatment and that effective therapy for patients with clinical depression or anxiety disorders may Cranial Electrotherapy Stimulation for GAD as a therapy for chronic anxiety disorders. In addition, CES is relatively inexpensive, can be self-administered by patients, and has few side effects.
The objective of this study was to preliminarily explore whether CES treatment is an effective therapy for patients with DSM-IV-diagnosed GAD. Our primary hypothesis was that CES treatment would have a beneficial effect on GAD symptoms, resulting in a reduction in Hamilton Rating Scale for Anxiety (HAM-A)28 scores from baseline to week 6 of the treatment. Response to treatment .was defined as a reduction of 50% or more on the HAM-A and a Clinical Global Impressions-Improvement (CGi-i)29 score of 1 or 2 ("much improved" or "very much improved," respectively) at endpoint. jects provided written informed consent prior to the initiation of any study-related procedure.
Patient Selection
Male or female outpatients aged 18 to 64 years were eligible if they had a current diagnosis of GAD. The MiniInternational Neuropsychiatric Interview30 was conduCted at screening to confirm GAD diagnosis. Patients were eligible if they had a score :2 16 on the HAM-A and a score .: 17 on the 17-item Hamilton Rating Scale for Depression (HAM-D_17)31 at baseline. We included patients with lower HAM-A scores than have typically been used in GAD clinical trials (i.e., HAM-A). 20)3 so as to include milder and more numerous cases of GAD in order to improve the generalizability of these results to clinical practice.
Patients were excluded if they had a primary diagnosis meeting DSM-IV criteria for any Axis I disorder other than GAD, as were patients who met DSM-IV criteria for mental retardation or any pervasive developmental disorder or had a neurologic impairment. Also excluded were those with a current diagnosis or recent (6-month) history of drug or alcohol dependence or abuse, current suicidal ideation and/or history of suicide attempt, or any personality disorder of sufficient severity to interfere with participation in the study. Other exclusion criteria included the presence or history of a medical disease that might put the patient at risk or compromise the study. Pregnant or breastfeeding women and those of childbearing potential who were not practicing a reliable form of contraception were also excluded from the study.
Patients were permitted to continue taking an SSRI or SNRI if they had been on a stable, therapeutic-range dose for at least 3 months and were still symptomatic. Patients who had been using as-needed benzodiazepines were permitted to enter the study if the frequency of use did not lobes. The investigator then adjusted the current until the patient felt a mild tingling sensation and/or dizziness, at which point the current was reduced to just below the reported threshold of sensation. If the patient experienced no sensation, the investigator increased the current incrementally until the patient perceived a sensation and then reduced it to slightly below that threshold. Once the current intensity was found, the patient was instructed to use it consistently throughout the duration of the 6 weeks of treatment.
For the treatment, each participant subsequently selfadministered stimulation at his or her place of residence for 60 consecLitive minutes each day between the hours of 3:00 p.m. and 7:00 p.m. Treatment was administered daily for a total of 6 weeks. Subjects recorded each treatment session in daily treatment logs, which were reviewed at each assessment. Assessments took place every 3 weeks during the treatment period. The FDADS is a self-rated measure of anxiety and depression that has been tested in the general population as well as in clinical samples and demonstrates sound psy-414 chometric properties with good internal consistency and test-retest reliability. The scale has demonstrated validity relative to other measures of anxiety and depression. [33] [34] [35] [36] Safety measures included the initial and final physical and routine laboratory evaluations (i.e.,' electrolytes, hematology, and urinalysis) and subjective reports on the Matson Evaluation of Drug Side Effects Scale. 37 
Statistical Methods
The primary efficacy measures included the CGI-I scale and the HAM-A. Response to treatment was defined as a reduction of 50% or more on the HAM-A and a CGI-I score of 1 or 2, and symptom remission was defined as a CGI-I score of 1 or 2 and a score :s 7 on the HAM-A. Data were entered anonymously into an Excel (Microsoft Corporation, Redmond, Wash.) spreadsheet and analyzed by the UCLA Semel Institute Biostatistics Core. The analysis was done on the intent-to-treat sample using last observation carried forward. A I-sample paired t test was used to compare endpoint to baseline means on the HAM-A, with a significance level set at a = .05, 2-tailed.
RESULTS
Fifteen subjects expressed interest in the study and engaged in an initial telephone screen. Twenty percent of participants (N = 3) were deemed ineligible to participate. Reasons for ineligibility included age (N = 1; 6.7%) and psychiatric comorbidity (N = 2; 13.3%). Twelve subjects enrolled and received CES treatment. The mean:: SD age of the sample was 42.83:: 10.27 years. Of the 12 individuals enrolled in the study, 9 (75%) were female and 3 (25%) were male. Five participants (41.7%) had been Overall, 75% of patients (N = 9) completed the study. All were compliant with CES treatment according to their treatment logs. Three subjects discontinued after baseline due to adverse events including dizziness (N = 2) and headache (N = 1). The patient-by-patient results are presented in Table 1 . Mean:t SD HAM-D-17 scores changed significantly from 1O.50:t 15.01 at baseline to 6.00:t 3.64 at endpoint (t = 3.01, P = .01). A significant change was also found from baseline (30.58 :t 11.4) to endpoint (23.83 :t 7.57) on the FDADS-Anxiety subscale scores (t = 2.35, P = .039; Table 1 ).
DISCUSSION r
Results of the current study suggest that CES may improve anxiety symptoms associated with GAD. The response rate of 50% in the intent-to-treat sample is modest for an open-label stLldy, although the response rate was higher (67%) for those who did not discontinue due to side effects. Preliminary clinical studies with CES have demonstrated efficacy in several conditions frequently associated with anxiety and depression including chronic pain, insomnia, and fibromyalgia.13.2o Furthermore, some studies have already documented improvement in anxiety and depression in a nonclinical population.12 Our pilot study furthers this line of research by suggesting possible efficacy of CES in a clinical sample of patients meeting criteria for GAD.
The exact mechanism of action of CES is L1nclear. Several preliminary studies have shown that CES alters various neurotransmitters or hormone levels in the brain. 38 One study demonstrated increased catecholamine levels in men and women and increased thyroxine production in 415 men following long-term treatment with CESY In a different study, platelet monoamine oxidase-B (MAO-B) activity and plasma concentration of y-aminobutyric acid (GABA) increased following CES, in conjunction with clinical improvement in anxiety and depression. 26 Other studies in normal volunteers and in treatment-resistant depression found that CES was associated with significant elevations in cerebrospinal fluid and plasma serotonin, respectively. [39] [40] [41] Alternatively, CES may work by stimLilating b'rain cells primarily via electrical pathways and may effectively reset the brain to a prestress homeostasis. 13 Cr~nial electrotherapy stimulation has been found to alter electroencephalographic (EEG) readings during and after treatment. In stLidies of macaque monkeys, alpha EEG waves were slowed following CES, which was associated with a reduction in adverse reactions to stressful stimuliY Schroeder and Barr42 published a double-blind study on EEG changes in 28 healthy male subjects who underwent sham CES, 0.5-Hz CES, and 100-Hz CES treatment in random order. Both active CES treatments resulted in a downward shift in the alpha mean freqLlency. The authors noted that these changes from CES treatment were similar, although of greater magnitude, to EEG changes in trained meditators and may be associated with a relaxed state. In addition, the attenuation of the beta band with 100-Hz treatment may be of additional benefit, as this band is associated with arousal, problem solving, and stress.42 These EEG changes may be associated with reduced anxiety states, although it is still unclear which is cause and which is effect. current through the earlobe, may similarly influence the activity of the afferent branches of the facial, glossopharyngeal, and/or vagus nerves.
Some of the signals from these afferent nerves eventually reach the ventral posteromedial nucleus of the thalamus. Animal studies indicate that 42% to 46% of CES current enters the brain, with the highest levels of current recorded in the thalamus. 44 The thalamus is a region that seems to be important in the pathophysiology of anxiety. Evidence of this comes from positron emission tomography (PET) and functional magnetic resonance imaging (fMRI) studies in GAD patients, which show changes in thalamic activity (as well as in other regions) with medication treatments.45-47 A single photon emission computed tomography (SPECT) study in other anxiety disorders including obsessive-compulsive disorder, posttraumatic stress disorder, and social anxiety disorder also found decreases in thalamic activity with treatment with the medication citalopram.48 Therefore, CES could hypothetically exert anxiolytic effects by affecting the thalamus and/or its afferent pathways. Future neuroimaging studies examining the brain regions and circuits associated with CES treatment wil be needed to understand its mechanism of action.
Three patients dropped out of the study because of side effects of dizziness or headache (suggestive of the presence of a central nervous system effect). In the majority of subjects, however, the treatment was well tolerated. The efficacy and overall tolerability of CES demonstrated in this pilot study suggest that the clinical use of CES and its putative mechanism of action deserve further investigation.
This study had the limitations of a small, pilot, open triaL. The efficacy of the intervention could be attributed to a powerful placebo effect, which is often found in GAD patients. Multiple pharmaceutical studies report placebo response rates in GAD ranging from about 40% to 60%.49-61 Our clinical database indicates the rate of placebo response to be 35% to 45%. The preliminary efficacy of 50% in the intent-to-treat sample in this study therefore does not exclude the possibility of a placebo effect. Since 5 subjects were taking concomitant psychotropic medications, it is possible there was an interaction between the CES and medication treatments; however, the sample size did not permit a stratified analysis of outcomes.
The efficacy of CES needs to be evaluated in larger, controlled studies using sham devices. A sham device is Cranial Electrotherapy Stimulation for GAD available, and its use has been previously reported.27 Future studies wil also need an objective measure of compliance and wil need to exclude those taking concurrent medications. The presence of side effects in this study indicates that there may also be a need for studies optimizing parameters such as stimulus intensity, frequency, and electrode placement to achieve the best efficacy and tolerability in anxiety disorders. Whether this treatment could be effective for more severe forms of anxiety also needs further clarification. Nevertheless, we believe that CES treatment clearly warrants investigation in further studies. 
